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Introduction
Sputum smear microscopy for acid-fast bacilli (AFB) using ZiehlNeelsen (ZN) staining remains the most cost-efficient tool available to diagnose tuberculosis (TB) in low-resource countries. This method is rapid, inexpensive, and highly specific for detecting AFB in high-burden settings. However, the main limitation is its low and variable sensitivity, exacerbated in high HIV prevalence settings [1] .
High TB-HIV co-infection rates and low TB case detection impede disease control in many TB endemic settings, notably sub-Saharan Africa [2] . Furthermore, where workloads are high, the amount of time spent examining smears compromises sensitivity [3] . A recent systematic review demonstrated that fluorescence microscopy (FM) is, on average, 10% more sensitive than conventional bright-field microscopy in detecting AFB in clinical specimens, with comparable specificity, and takes significantly less time [4] . However, widespread implementation of FM in disease-endemic settings remains limited due to several factors, including the short life and high cost of mercury vapor lamps; difficulty in maintaining machines; the need for a darkroom; and strict requirements for electrical power supply. Light-emitting diodes (LEDs) for FM have been identified as an alternative to conventional FM for screening of AFB [5, 6] . LED lamps do not have the disadvantages of mercury vapor lamps, with life expectancy averaging around 50,000-100,000 hours (10-20 years) of use [5] . They can also run on batteries [5, 7, 8] . Several commercial LED systems are now available, either as stand-alone microscopes or as add-on adapters to conventional microscopes [9] . Data published so far on LED microscopy for TB show that results in terms of sensitivity and specificity are comparable or better with LED than mercury vapor lamps [6, 7, 10- The need for collecting documented informed consent was waived by the IRB. Phase 1: ZN Baseline: The aim of this one-month phase was to establish a baseline, under study conditions, of false positivity and negativity rates for ZN. TB treatment decisions were based on ZN results. All incoming sputum smears were stained for ZN examination under routine conditions. Slides were read using the available conventional bright-field microscope (1000x). After reading, all slides were kept in slide boxes, which were labeled to specify the study phase, study site, box number, and slide ID. Once every two weeks, the National Reference Laboratory (NRL) study supervisor collected all boxes. NRL study technicians rechecked all slides using conventional bright-field microscopes. Discrepant slides, Table 1 . NRL rechecked all slides using conventional FM. Rechecked results were provided to study sites the next day for timely patient management. The semi-quantitative scale for rechecking by NRL was different than the one used by study sites ( Table 2) . Discordant slides, if any, were sent to the SNRL for final discussion. The study sites were allowed to proceed to phase four only if the following performance targets were met:
(1) 95% accordance between validation results of microscopy center and supervisory site; (2) Rechecked results were provided to study sites. After the six-month continuation phase, and following the availability of the compiled results of the previous phase, the demonstration project coordinator allowed all sites to use the iLED method routinely under program conditions. Data entry and analysis: All data and results were recorded in phase-specific forms and sent to NRL and NTP. An electronic database was completed on-site. Positivity agreement between methods at the study laboratories (DH or CHUK) and the National Reference Laboratory was assessed using Cohen's Kappa, which corrects for agreement by chance. Strength of agreement was evaluated using guidelines from Land is and Koch [14] 
Results
Baseline: At the DH in Nyamata, all incoming sputum samples (100) from 37 patients, using the Spot-Morning-Spot criteria, were examined using ZN staining during the baseline phase. The positivity rate of the slides was 11% (11/100 - Table 3 Table 5 ). For the comparison between CHUK and NRL, Kappa was 1.000 due to full agreement ( Table 5 ).
Validation phase: In Nyamata, all incoming samples (100) from 39 patients were screened. The positivity rate decreased to 4% (4/100 -see Table 3 ) and there were 1 low false positive and 1 low Table 3) . No reading/diagnosis errors were reported by the NRL.
However, there were six poorly stained samples. Kappa was 1.000 due to full agreement ( Table 5 
Discussion
Compared to classical FM with mercury vapor lamp, LED FM is more user-friendly and benefits from a high acceptability by technicians.
Microscopes do not require warm-up and cool-down time, a considerable advantage when power supply is erratic, and the LED light source is considered safer than the mercury vapor lamp. LED systems developed for AFB smears consist either of modules that can be fitted to a conventional microscope, or a complete microscope with built-in LED as the light source, such as the iLED.
While Partech (Münster, Germany) and Cytoscience (Fontaines, Switzerland) have both developed complete LED FM microscopes, these microscopes are less appropriate for TB than iLED since they are monocular. Using a camera and monitor might be an appropriate solution, but not in less-developed countries. iLED, a binocular FM microscope with built-in LED lamp for epi-fluorescence has produced very good results in reference laboratories [13] . So far, very few reports on these systems exist. These rare reports, however, show excellent performance compared to ZN microscopy [15, 16] . Our study is the first direct evaluation of iLED in Rwanda.
LED add-on kits have been designed for different common types of Page number not for citation purposes 5 bright field microscopes. The complete installation is not difficult, but it requires slightly more time and care, which could be a disadvantage from the end-user perspective. As difficulty in acceptance by inexperienced microscopists seems to be the main obstacle to the use of FM outside referral laboratories, this may prove to be a major advantage of transmitted LED light FM, as reported earlier from Tanzania [8] . It also remains to be seen whether complete binocular LED microscopes using epifluorescence, rather than transmitted light, will meet the same acceptance level with the progressive decentralization of FM to peripheral hospitals and health centers. Our study shows that the acceptability amongst the staff using iLED was extremely high and proficiency in adequate usage was rapid. Compared to traditional bright-field methods, LED fluorescence methods using Auramine O staining allows up to four times faster screening. The detection rate is also estimated to be at least 10% higher. While we did not directly compare the positivity rates between ZN and iLED, we monitored the positivity rate over time during our study.
In Nyamata, the positivity rate surprisingly decreased during the validation phase (Table 5 ). This result compares with previously established data from the National TB Programme, which has shown that in the last quarter of 2009 and first quarter of 2010, during which our study took place, there was an overall decrease in positivity rate that is not related to the performance of the microscope (or the technicians) but is rather attributable to a significant increase in total number of patients and samples screened. Indeed, the positivity rate dropped to 7.7% during our study, compared to 9.2% the year before. This increase in the total number of patients screened may be the result of the impact of Community Health Workers (CHWs) in Bugesera District (where Nyamata DH is located), who have been involved in active case finding, therefore casting a wider net for overall screening of TB suspects and decreasing the positivity rate at the Nyamata Center.
One of the expected issues associated with the change from ZN to Auramine staining for the purpose of our study was a difficulty in preparing and then subsequently reading the slides adequately using the Auramine protocol. Indeed, a few of the smears in the various phases were reported as having poor stains. We believe these could be explained by the fact that some laboratory technicians were not completely proficient in staining the slides appropriately, as can also sometimes be the case for ZN. However, this was not an issue throughout the study as the number of slides poorly stained gradually decreased at both sites. Agreement between the iLED and rechecking at the Reference Laboratory were 
Conclusion
In our study, the use of iLED FM module in both a referral hospital and rural clinic setting was associated with a high concordance rate as compared to a Reference Laboratory using conventional FM. The high level of agreement between iLED and FM during our study in multiple sites, combined to the fact that fluorescent microscopy reduces the time necessary for examination by more than half, provides initial evidence for the iLED to replace current standard methods. The iLED microscope also excelled in terms of userfriendliness and acceptance by users.
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